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FOREWORD 


This Feport was prepared in the Bionucleonics Department* and the 
“ Veterinary Servtece Brancht d¥ lhe following personnel : 


GRORCE @ MELVILER, Ire Captain, USAF* 
: GEORGE %. HARRISON, Je., B. Ac® 
° THOMAS Y. LEFFINGWELL, M. A.° 
. WALTER 8. WHITOOMB, Captain, USAT. MC* 
: * ROSERT 3. YOUNG, Mafor, USAT, VEE 
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AOSTRACT 


fo this studg, postisendiathe: sym@tomat@ therapy of the sadiation syndrome 
fae bosn wlifized te provide sigeifman§ qatetmion of puyvival time, compared to 
greadiated venttels, of Serere wotatte Pronaics R-apemdiated fo a Bota dese of 900 r. 
Porther, the Unesnpestic getiacn Bas pec succonsfullp quembined with chemical 
Gadvepreicrtamte Fo ethatey gurvivad ligne in @ Usird croup of anteala This gombined 
Gevatme®t is many effegtive then the thetapy signg, Fhe avcdell cfinaead condition 
of Ueag aBienals a0 Far wgge roep te Ubed of Chey entscatcé ivraGigtcé animala, Pastkolowic 
Wedicy of the devyggecd gnimale walicatg Gha@ the we mafor esune of dcath were 
ung quaste fiplees ang ese lymphoid ateophy, Tig peatective ehoméiead treatracat 
$e te Saelf @ combination of differen’ enechasisms of vadkopevtegtion, toutes af 
adminisieatled, ond sites and gates of shsurption of the drugs, 
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PROTECTION AGAINST IONIZING RADIATION 


X-irradialed Monkeys Receiving Preirradiation Prophylaxis 
and Postirradiation Therapy 


ig INTRODUCTION 


ta prevheus studies in this Bheyatoey it ag 
been shown that she radiopretection conferred 
by cesdain pulfhydyyf-containing ekemieals ean 
be ethaficed im rats, sithe: edditivety or 
syne gisticaly vy abher compogde (59, Simle 
far atucfes neve also beem effected in monkexs, 
aed Bhe findings on the peimete substantiate 
those found fox the galer? ¢4). 


At the present “atateoof-thc-.8i* af chemnio 
cal gadiopsotession, sb would seem hat, ale 
thotyd effective riufiation dose gefactio® can 
be athicved, w supealethafly ireadiatel animal) 
wh till otetain epprectahte damages Same, 
§f not all. o€ the clinical scquctse of gartfation 
° gickna thus will Re mapficatcd, Clinical eats 
“trent of chembeally protcctet animal: thereforo 
becomes caseatfal 8% the dorceredocine ade 
vahtses Of the radluprotective chemleas o66 
®o be optlmizeds 


° 
Shig veparé details the fire? uty aarme 
plished af this kiborstory ta Which sattlapecteccs 
live prwpholixt. des doc faflower? Dy me fiea? 
feeatment tftey she Fratkieixen his been add 
ministgred, Might monkeys were civen afpe 
de) chemlead teeatmen? avallade tm this 
ihorsteny {8p 4,5), aftce which they oceedted 
090 ¢ of & reve -<> 100% lg@ha? wethin 65 day? 
al this Lubogatory, an? eppropinentahy Chat ebseo 
wheres (2% The seme animes rec al ngesttea? 
beeabaacnt ras sugeestet be clinkead neces. Reo 
Sulte & ics? that he cambigatgn of feeake 
menls ayhifecan®ly anerease? th difespan of 


PY coal, wen emer he at tie ReAePad pa? Litetatoy 
oF ey Uiplmentig <f Tye. nd Wor Berita Ssetas bir Maree, Agstis. 
Bors 


all suewivora, the longes® Nwed succugnbing at 
O38 days pastexposure, 


& MATRRIAL ANP METHODS 


The monkeys uted were of the Beecec 
e@elotta ptrain of shesuz menkey and ranged 


Crom 45 Ww 65 ib, The cight treated animals 


were chasen af gandent fron? a kines group of 
healthy animats, Zn this selection, no distinc-. 
tans were Made on the banie of sexe thege were 
wo females and six niates, Ten other animals 
Qbour Femates and six mrafes) were drradfated? 
BL IH0 yas Cont ots? Four noehyen?ntent controls, 


O ang six pastinadiation therapy canis, 


Fhe wholedody xeirradlations @erO pee 
formed aith a Picker xevay machite al 380 hep, 
28 ma, with 1 mm, Al and 0.25 mm. Gs 
sede’ siftratfon, The dasa ele wes 28 to 
SO gémin.s the exposnre eage was hoisted? ag 
a wpm S2aminocthyssthiugoagim dibro- 
mide (ALT) was synthesized and pyvigied Ig 
his laboratory by the methad ef Stapina (2). 


_ All protected animals gecetved SEP- 
Gibromige (75 mevkg body wetghi) shis 
CysteineliGs (225 mevkgo Body weivkis) o- 
dyavenously, GO mimtles HReP Be grradkPiong 
ake dibsemide €:50 map.dhg. wads weesht) 
Plus wretcing- 804 (250 meee Do gcisnep 
orally, &§& suluutes before Sega athny, and 
Semlatsl (8 fo 36 gel Bake weieh?? the 
Sreveponaly, 25 minntes gels ¢O Ugradiatipa, 

eo} 


Valeavenous doesof AN Land ey seine Gunp 
prepared by welchbag &he apirapreate surmount 
of eycth Site @ commam gedecl, and newtaaheine 
Thent wikh 2.5 Norm NaQtt go 2 Zinal vl of 
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7.2 to 7.4. Samples were diluted to 10 ml. with 
distilled water and administered 60 miniites 
before irradiation. 


Oral doses of AET and cystéeing werg pres 
pared in a similar manner, neufralizeg @ogethay 
with 2.5 formal NaOH to a pl§ of 7.2 Go %.2, 
diluted to 8 te 10 mk wtth 0,5 M phosphate 
buffer, and gavage§ 15 qmigutcs before irradtre 
tion. 


Jembutal was administered fntravenously 

15 minutes befgre Trradjatfon at a dose & 
8 to 10 mg/Tb, body wetght. & Minsgatns @ose 
was used to gthieve anesthegla, @hecking ay 
e “eyehig-refley’ @tcBhed. As & results Cho 
entire calcyfated dgse Won SORWtimeH nh aseds 


Hemateforig examinations BRS acesris 
plished on bige@ drawm by femoxal painegures 


the methods specified by Wintrobe (9) were 
used for counting and for other determinations. 


Batteriologie and parasitologic examina- 
@ions were éffected gn blocd and feces both 
defame aff after irradiation Samples for 
parasflalafy were examined by the ether con- 
cenjgafion magthed;.stool bacterfologic samples 
were examined by éhe siendard “three-media” 
technic and @hen by tetyathionate enrichment; 
blood bacteriologic samples ee Gollegfed on 
l-oz. agar slants Using tryptose-ghlees¢ both, 
Qe thee plated oy standard technics. To aid 
fn thease of antibickats, positive bieod cuftures 
Were teshem, der sensitivity to taragus drugs by 
Melng Che paper Zise methous 


r@feses Were olbfigine® sactallgs fy 
shia tsbosntery, 162° ©, $2 a normal mean valkpe 
flop this steals, of Ropkeyo 


BRBLS & 
Burgtho? of Ahonkcy® Cratfate? wa See a Of Sertys 


ae 


sseupesige? Therapy @s indicates: by Individeet 
Semyptoms 


Ril Gpmals received Ghe Salloume treatments @ney 
kabogran@ body weleht)3 


ApoMPEZ GHusgetious fnfeelien co’ 


Saat gn FR Seg gus Systelbeh) 28 me.) 
GM Ceagra®.e0) eyegond echutten 


) $8 nGiuyed reSlydurg: AKT ALT © CREO mal) poa5 
of Gvetetne GHG @a50 mad : 
fi 


aXplintyre® OriN gs Mery. 


GPa? BIS He? Giihizkews, Mew case 
Poy x BIR) Aharsgy @s eRawed Ay Ratiekls.9 
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Water intake was obtained by éalculating 
the nmeant ¢onsumed from a 5(0-ml!. bottle of 
water given te each anintal daily. Fosd gine 
sumptian (in ealorica) was galcufated hy 
efimating the anconstmed portion of the 
am@ant given approximately 16 hoprg after 
Peeding® 


Tee sarvival time, ¢alculated in fay, was 
used i agMparéng the treated emimals with 
Meprradiated- therapy controls, and separagelp 
‘vith the tgradiaZed egnfrols that recej¥ed n® 
frantmeat. The ManweWaitnes 9” FesB vas 
asedy as espotintes Sy Sesh {Bye 0 Mapialtty 
data were Bream? in contingency tables and 
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the probabilities were calculated by Fisher’s 
Exact Method at the 30-day point. 


32 RESULTS 


Fo hle BP wemmarizes the longevity of the 
@ighe animate tha® qerw treated before and 


aféey’ ineadiasion Group [1T}¢ control animais 
@hag were givem @herapy after irradiation 
(groups i an@ ¢he fegr @ffdiated control 
anieats thas cotelro no $yeatment fgroup I). 

dleaR servivss tintc def vreup J was 10 days, 
epOuw dle 28 dag s8 gueep Ho 135 days 
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tion. These values are meant for the animals 
which were alive whes the aampfe was taken; 
weights have been praseNted as percenlates of 
the baseline values before jegndiat&on whigh, 
in turn, have beers @agmafilzed to th® @aymab 
value for the rhesus mendey in thas cofony. 
The animals pretreated with &ha efenfea? pro- 
tectants (group TIT) emaéntaia then? welche 
better than those thad secelved etpiecciva 
treatment only (greup ld, 
e 


Variations in tempemgare atv Sete Bansntfes 
howeve?, animage ae teoup 910 che gmainisia 
their bedy temperature bester Geing the essly 
amd fate share af She 26-day Pergo, ond there 
ig {ess fluctraoa tha im croup sf, Tie 
ese & is 2 lematom wilh Sreentd foe 
acriphere$ 8108 gs wt? te Ks Geode 1 and). 
Ist. Fue Valued 60 Spade ger ee anansls 
ality o8 She iipe Miho aumpung. Fer ore 
gery few Giff ences fa the Be Sears®, The 
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TABLE II 


Statistical probabilities for the survival 
of monkeys 


Mann-Whitney 
ayy Test 
(days untid death) 


Fisher’s eact Tes 
(Mumbce,acad o@ Five 


Gaoup 6° 


Vite 
Orvep tf. 
Grey I* 

Ose 
Geoup fils 
Geanp if; 


wa. SS 
Geoup BB 


* 1 rOyittgte€ Gon te giimaly 
Qteeg iat wheter aug o> xt animal® 
Sheet Ratetrpadiat apm Bipy argyefs. 


white blood @cf cays Be de he for srgup I}, 
apa, althoncy Ge Igss cktent, glabelets and 
fBticulocy¥es are aha Meyhesyy Ta group Uk 
Remoglobt#s @re sOmewha® Aighgp during the 
Ast wee, 
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TPitke FP shows the wemltB ob¥afned by 
Gyytyiag Sisters Fxagt Test gnd tke Mann- 
Whitecy “st? Tes8 sq these data. None of the 
Opstel#y data ere eonsideged sigwificant ¢re- 
Qwrements 2206), However, there is signife 
east tinindvOMrcnd Im stAviFD gime® Bn all 
Cares a 


ay aOR WE sum apr ises the varmieder of the 
Giantess history Gh seep $8 Scford gnd after 
figveliotiar, Sho etytake Bave been Msted in 
Order OF fnrstaanyg forBugit~, Ble QumBers In 
Garentheses andicalg the fest day og which 
Cubkgte: PETE PR Eey atyi The days © which 
GURBwahe aisistorak 1. wil bye nefo? that 
MQlgyils ¢egeivv@ Be Pe® Freatmeat fived 
Che lopecet, GWpicssitp, however, Qheve animals 
eharvdcd the gige® symptoms since symptoms 
ete the Basis der dkavepe 


~~ 

As che general esatition @f the animals of 
grown & was Gere pror Ahoy wverc delineated 
Qeite easily Ferm We treate@ egoups at the 
ea ef the Meat oweeX Sygunpionis included 
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ecute anorexia, diarrhea, bloody diarrhea, dehy- 
dration, some epilation, and very low body 
temperature occurring just before death. At 
the end of the first week, essentially so white 
cells or platelets were detected Ht thé peripheral 
blood. The extremely shor] survival téme of the 
monkeys in group I makes it jmpossilte ¢a@ plo 
curves showing data tomparable te tha® gg the 
other groups. 


Figure 3 shows the ealasie an? $la$d intake 
of the animals expresse€ as the gygup mean 
percent of the amount offeresle The numbeg? 
in parentheses represent ¢he number @6 anfmals 
comprising the group af Qhat t&me, ese data 
indicate Shaft failure te etilize avalktfe flak is 
an extremely important fagtas ta mathtaiging 
the normal flwid balange, ang hat @he protec- 
tive drugs do no® appyeckably alteg the sit@te 
then. Pastirradiatiayy aporex$a was seen ig bath 
groups, but wag somewhat t8s sc@ere ap 
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group III and appeared some seven days later 
than in group II. 


Tables ¥, Vi, and Vif describe the patho- 
logie findings for greups J, J}, and HI, respec- 
tively. Bong magsww falfure and atrophy of 
tympheid tissue are consistent findings in al? 
gramps. @nimal 48E tgseup I3f), which lived 
688 days aftee jpsadantion, acjually shewed a 
slightly ypepeglluiar done -gmarrew With 
nf&mereus mitotic Siguggs. Jt Is inteyesting to 
okserve the ocgurrence of meningitis t99K, 
table VII)g this figdatge Yes beew nated in 
eewera? animats in @teer phases of the re- 
eearch @@), 
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Shia be the Mest experSypt a? this tabora- 
foxy i which any grétested anima? fas str- 
vec? @s Fong as 30 days afigr being given 
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FIGURE 3 


Postirradintion changes in: food and water consumption for groups TH and Ti. 
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TABLE V 


Pathologig summary for group I 


= I 


Gross findings 


Petechiaa of skin, aomachk Smpcrfirin? ager 
sion and hemorrhage, ec@ura Focal 
hemorrhage, cqJon, 


Petechiae of skin. foca? hemorrhage of 
subarachnoid space, cerebral corde thing. 
Hemor*fagic ulcers, colon. 


Sleeresios’ and hemen Jaga cegum, gescen® 
ing color ast rectum. gd@echiay Kemar- 
rhage,- rautosa d@bomach SQ uri@aw 
bladder 


Petechia? femorthages @& skin, g@astem 
@testina§ mycosa, serous augdacgsy fangs. 
Ulceration, mild, celonic mucosa. 


TABLE VI 
Pathologic filings ¢or group I 


Groaa findings 


Petechial hemorrhages of skin, serous sur- 


faces, epicardium, stomach, and small ine 


BeQine. Subsrachnoj® hemorrhage, foenl, 
Ulceration avd hemerrhage, transverse 
colton, ° 


Pedvditea) hemprrhages of skirt, serous sur- 
faces, epdeardium, liver, stomach, colon, 
urinarg bladder, W@ceration and hemor- 
rhage, ileum. Uleesation and hemorrhage, 
cum, 


Petechial hemotrhuges of skin, gums, serous 
surfaces, epicardium, stomach, small in- 
testine, and colon. Hemorrhage and edema, 
tissues of pelvis. Multiple smal! hemor- 
rhagic uleers, colon. Hemorrhage and 
ulceration, rectum. Severe ulcers, hemor- 

rhagric, skin. 


Widespread petechial and focal hemorrhage. 
Foval ulceration of stomach mucosa. 
Uleers, lips. Congestion, lungs. 


Generalized petechial hemorrhage. Hemor- 
rhage and thickening of colonic mucosa. 
Subarachnoid hemorrhage, right arachnoid 
hemorrhage, right frontal lobe, minimal. 


Softening of right maxilla. Purulent material 
in maxillary sinus. 


Microscopie findings 


Atrophy, bone marrow lymphoi¢ tissue. 
adrephy, slight, intestinal epithelam. 


Aisophy, bone marge end Ipmphoid tissue. 
§light atypia of galosic memom. 


Atrophy, bone marrow an@® ggmplaid tissue. 
Fatty metamorphosis, sliggt, livce. 


Atrophy, bong matwew and lymphotd t¥ssug, 
bleed @@onizataon, Bidngp, adggnal, qud 
ng. 
ene nn ER I TSR EE 


Microscopic findings 

ee I aR I re 

Hemorrhage af@ ulceration of eoloni® mueosa 
with preudomembrane formation, Atrophy 
of bone morrow andigmphoid timpme, Mage 
sive hemorrhage and edema of funga, 


Atrophy, bone marrow, with enrly regenera- 
tion. Atrophy, lymphoid tissue. 


Atrophy, bone marrow and lymphoid tissue. 
Homorrhagie ulcers, colon, and skin. 
Submucosal hemorrhage, focal, colon. 
Edema, lungs. 


Atrophy, bone marrow and lymphoid tissue. 
Mucosal necrosis, foenl, stomach, 


Atrophy, bone marrow and lymphoid tissue. 
Necrosis and hemorrhage. focal, colon. 


Reduced cellularity of bone marrow, Atrophy, 
Iymphoid tissue. Osteomyclitis, maxilla, 
acute and chronic 


TABLE VII 
Pathologic findings for group II 


Animal 


No. Gross findings | 


Microscopic findings 


Foca} fibrosis and calcification of spleen and 


55E i Four large perforated ulgers ig @olon and 
recttns Small white nodyles throughgut lungs. Acute purulent meningitis, cere- 
{umes Calcified nodules in spleen. bellum and cerebrum. Penetrating ulcers 
Petechiae of wepmach and waldes, ef colon. Atrophy, lymphoid tissue. Hy- 
pegplaafe, myeloid seriess bone marrow. 
66E Widgspread etechial and focal Remagphages UWleeration and hemorrhage of @olonic mucosa 


Patatiog™ stomach afd sapel) datestine. 
Hemorrhagi¢ eotgis, ceca, Disesa, Wp, 


with pseudomembrane. Atrophy, bone 
qnarrow and lymphoid tissu@ Wfespread 


Bacteria} colonization. 


* aR SubceManeou# hemorthage agd edema, Seece, Ateophy, Wmphoid tissge. Hemorrhage, 
@Ad Beck. Generalize? petechiad hgmors edema, and gneumsstia, yng Regenera- 
rhagig, Subatyehnpi® herterghaee, focal. tioWy done marrew, 

Hemorthage an@ edema, tangs. 
826 Edent@ af? conggai@n, golon, slight. Crypt ebscesse&, cota. gdtrophy, lymphuid 
© Geese. Mypotelarity of Bone marrow. 
98E Hemofhage, petedAtal and fegal camgralitgh 7 Atewphy Bone magvove ang lymphoid bissue. 
Hemorrhge, at and = mcdiasgfium, Foeal accHeemy diver. Bactcrigg ¢oloniza- 
Multiple small white nodules, fiver. Hemore tiom, genenalizedg Glemorrhage and edema, 
rhage and edema, sii, colete PA eebmugsal, cae Gdcad hemorrhage and 
pneumonia, @engse 

695 emosphage, patechia®, Kidestemadhy cate, | Pocad aagterbolar an§ tubghap neegosis, kidneys. 
Ridncy@ Gearestfong splect Feeal jnterstitia’ themorrhage, kidneys. 

Phoorsdesisy Fcal, cletterafes gapillaries. 
Atrophy, Gyephh® tiwue § Metdncitis, 
neve. 

1985 PAtecchi iQGoorMage, hear®& gral? Enkestine, | Mag steeQ fastneemeliion, eden, Extensive 
@alon. Hemorgipe Secah funge, dyul- etene of pulewnarpy qicama, temerrhace 
tiple se !! @bsaysesy hangs. O08 welds io® with @bsBs9 feymation. 

7 eA bagesd@y mygoca Siig, 
e 

43% CenPesgiow fance, Meal uBcration with RWieAt Syperphism, Rac @Tanew, Atrophy, 
9508 agit rqng Qeccridiag yen pBold Gissug, Figuse Grilaremeatopy 
c Bete Infiltration, ngs. U&eratifoy an@ gurulent 


900 r @ xgags, & 44 ae he Risb dime 2 
symptematically {rested ahima} Ras sarveves 
more than 20eMys @& this level of arradiatios. 


The ehemlen§ treatenent esad for gadiopree 
tection is gapre exteRsixe than other treatment 
previously vepertagd in premises (8, 43. We 
Cembiaed different megaaméms of protectiort, 
rewtes of adimingsteatgon, and mites and rntes 
of sbsorptigm, lor eunple, (ih the ine 


c 


ui, Gin. 
Rentes, 


Macrmabefencsis, focal, 


2 —-—-aa—_ 3a 


tro¥emeus dpse affor@ts a hth blood level of a 
good radica§ sump CAK® or a homolog) and 
ate additjanal earapownd (cysteine) which may 
be a yadica¥ sump and may also participate in 
pormal exidadtwe mefabofism® (2) an oral dose 
@§ ihe same camfoyunds provides direct physical 
contact at presumably absorption in the 
gastrointesfenal Erect, and allows the total con- 
gentration ef the drugs to be increased without 
moticeabhy incryasing the toxicity; and (3) the 
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Best Available Copy 


use of pentobarbital sodium introduces a drug 
which decreases respiration (in terms of rel- 
ative O, concentrations), lowers the overall 
metabolism rate, creates some tissue hypoxia, 
and potentiates the effect of AET (5). 


The actual chemical species present in a 
homogeneous aqueous mixture of AET and 
cysteine is yet to be determined. Preliminary 
work shows that the protective effect of this 
mixture depends on the concentrations of the 
two compounds; it also indicates that when 
the two compounds are mixed in water before 
treatment, they are more effective than when 
they are given to the same animal in separate 
aqueous solutions. The product may be a 
mixed disulfide or a sulfhydry] compound of 
relatively high molecular weight. The problem 
is being investigated by paper chromatographic 
methods. 


There seems to be no question that chemical 
protection and symptomatic postirradiation 
therapy can be advantageously combined to 
ameliorate radiation injury. The chemical 
prophylaxis very probably decreases radiation 
damage to the gastrointestinal tract. The fact 
that it does not appear to protect the lymphoid 
tissue or the bone marrow confirms the find- 
ings already reported in some 80 other chemi- 
cally protected monkeys that were given lethal 
or supralethal doses of x-rays (6). These 
earlier results are further typified by the 
histopathologic findings that demonstrate bone 
marrow recovery but lymphatic tissue failure, 
as in the case of 48E. 


The clasaical symptoms of radiation death—- 
anorexia, diarrhea, dehydration, epilation, and 
weight loss—-are found to a lesser extent, or 
are delayed considerably, in the therapy 
animals and in the protected-therapy animals. 
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